ly. The oxygen fugacity (f°2) of the experiments was not buffered externally. However, f°2 calculations based on biotite-sanidine-magnetite-H20-02 equilibrium [D. R. Wones, Kozan Chishitsu 31, 191 
(1981)] yield f°2 values 1.5 to 2 log units above the nickel-nickel oxide buffer. This is consistent with the estimated f[2 conditions of natural epidote-bearing magmas (6, 16) . Quenched experimental charges were sectioned longitudinally, polished, and examined with reflected-light microscopy and backscattered electron imaging. Rim widths were measured with an optical microscope equipped with a graduated ocular lens; the rim widths reported are the average of 20 to 30 measurements. Rim width data are as follows: experiment Ep-1 0, t = 51. 17 ducted four experiments on epidote-bearing tonalite from which minimum and maximum apparent diffusion coefficients can be estimated. Three experiments (r29 through r31) below the epidote low-pressure stability limit (-450 MPa) showed no trace of epidote (maximum size, 10 ,um) after 500 to 504 hours at temperatures of 6800 to 700°C in addition to an initial period of -30 hours at 7200 to 750°C. These data yield a minimum Dapp of 5 x 10 17 M2 s 1 One experiment (r28) yielded an epidote rim of .4 pm at 600 MPa and 720°C for -30 hours, from which a maximum Dapp of 1 x 10 16 m2s can be estimated. 12. Diffusivity of cations in granitic melts varies as a function of melt structure, viscosity, and water content, all of which are interrelated (10) . Water contents of our experiments (estimated at 7.5% H20 from totals, and will yield the highest diffusivities at this pressure. For lower magma water contents, magma viscosity will be higher and diffusivities will be lower, yielding longer estimates of dissolution time. However, changes in magma viscosity as a function of water content are most striking from 0 to 2% H20 and small above 4% H20, and the effects of viscosity on diffusivity at high water contents should be relatively small. Differences in diffusivity of just one order of magnitude have been documented between granitic melts with 3% H20 and 6% H20 (10) Optical pumping with laser light can be used to polarize the nuclear spins of gaseous xenon-129. When hyperpolarized xenon-129 is dissolved in liquids, a time-dependent departure of the proton spin polarization from its thermal equilibrium is observed. The variation of the magnetization is an unexpected manifestation of the nuclear Overhauser effect, a consequence of cross-relaxation between the spins of solution protons and dissolved xenon-129. Time-resolved magnetic resonance images of both nuclei in solution show that the proton magnetization is selectively perturbed in regions containing spin-polarized xenon-129. This effect could find use in nuclear magnetic resonance spectroscopy of surfaces and proteins and in magnetic resonance imaging.
Onam Magoommmomm= rommmommimm rium while the coupled system relaxes. Originally exploited to transfer polarization from electronic to nuclear spins (15) , the phenomenon, in its manifestation for pairs of nuclear spins-the nuclear Overhauser effect (NOE) (16)-is widely used to determine interatomic distances in NMR studies of molecules in solution (17, 18) . We describe preliminary experiments that use both OP and NOEs to transfer enhanced polarization from hyperpolarized I 29Xe gas to solution phase without the need for radio-frequency irradiation of the spins, an effect that we denote Spin Polarization-Induced NOE (SPINOE). At first sight, the NOE enhancement from dis- The effects of the dissolved hyperpolarized '29Xe on the 'H magnetization in liquid benzene is shown in Fig. 2 Time (s) The difference in the 129Xe signal between benzene and deuterated benzene demonstrates the effect of magnetic dipolar coupling between 1 H and 129Xe spins on the relaxation of the 129Xe. For the initial NOE experiments, the partially deuterated liquids were used in order to favor the effects of cross-relaxation over those contributing to 1 H autorelaxation. The apparatus for performing the optical pumping has been described previously (31) . The sample tube, which could be closed to the atmosphere, had a small sidearm with a stopcock, allowing the isolation of the sidearm from the sample. Polarized 129Xe was first frozen into the sidearm, and the whole tube was transported to the magnet. The frozen Xe was then allowed to warm up and was transferred into the sample as described above. 129Xe NMR was performed at 51 MHz on a Quest 4300 spectrometer (Nalorac Cryogenics) with a home-built probe and a tipping angle of 30. Fig. 3 ), and the enhancement is found to be x8 x8 xl uniform in the 6-min image when the Xe concentration gradient is diminished. The negative region in the 2-min image arises from expansion of the liquid phase as Xe dissolves. The images were taken by the echo planar imaging method (33) in 24 ms. The frequency-encoding gradient was 3.15 G/mm; the phase-encoding gradient pulses were 0.14 G/mm and 50 p.s long. The image dimension was 128 by 32 pixels, and the image was zero-filled to 256 by 256 pixels in data processing. The skew of the image is due to the inhomogeneity of the static magnetic field. The dimensions of the sample are as in Fig. 3 .
T'he high spin-polarization and the slow relaxation of '29Xe in the solvent allow for a detailed observation of the dissolution process and the flow of Xe in the solvent by means of solution MRI. Two-dimensional MRI projections along the vertical axis of the sample tube (Fig. 3) show that Xe (11, 12, 23) , for xenon as well as for helium (24) . Because in partially deuterated benzene is longer than the value given in these references for fully deuterated benzene, probably because of Xe exchange between gas and solution phases.
21. Cross-relaxation between the two spin systems, and S, is described by the Solomon equations (28, 29) : tionalized at the last (X) position such as 10-hydroxy-(E)2-decenoic acid (10-HDA), its saturated counterpart, and the corresponding diacids (3). The queen's acids, 9-HDA and ODA, are components of the queen mandibular pheromone (QMP), a powerful attractant of workers and one cue responsible for the retinue of workers around the queen. The queen asserts her reproductive dominance by mediating some worker activities associated with colony growth and reproduction through her QMP signal (2, 4, 5) . The worker-produced acids are secreted in brood food (6) where they may function as preservatives (7) and larval nutrients (8) . Thus, queens and workers produce compounds that fit their respective reproductive and nonreproductive roles and differ only in the position of the functional group. Here, we report the elucidation of the biochemical pathway that determines whether a honeybee female will produce
